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(54) WATCH

(57) A wrist watch having a time display portion,

comprising a reflection type polarizing plate (14)

arranged at an upper or lower part of the time display

portion or at a part constituting the time display portion,

and a light modulating function portion that changes the

ratio between an easy-to-transmit axis and an easy-to-

reflect axis. To improve its decorative feature and multi-

functionality, the watch also has a shutter function that

covers a part or whole of the watch by changing a

reflection intensity and a transmission intensity with

respect to the direction of incident light by using the

polarizing plate (14) and the light modulating function

portion.

FIG.l
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Description

TECHNICAL FIELD

[0001] The present invention relates to a timepiece

(watch and clock) which displays time information such

as hours, minutes, and seconds, calendar information

such as date, day-of-the week, month, and year in dig-

ital form, using a liquid crystal panel, and time informa-

tion using an hour hand, a minute hand, a second hand,

and the like in an analog fashion.

BACKGROUND ART

[0002] A timepiece which displays time information

such as hours, minutes, and seconds, and calendar

information such as date, day-of-the week, month, and

year using a liquid crystal display panel has been widely

used in a wrist watch or a table clock which is equipped

with a crystal oscillator circuit.

[0003] When time information or calendar information

is to be displayed in digital form using the liquid crystal

display, a predetermined display is performed by dis-

posing an upper polarizing film and lower polarizing film

on the top and bottom of the liquid crystal cell and utiliz-

ing a quality of a liquid crystal wherein an optical char-

acteristic of the liquid crystal is changed when an

electric field is applied.

[0004] Further, in the field concerning table clocks and

wall clocks, a mechanism clock equipped with a decora-

tive doll and the like which exhibits various movements

at a predetermined time, and a clock which is combined

with a liquid crystal display device, and exhibits various

movements made by animals and the tike at a predeter-

mined time or at a user-adjusted time, have been devel-

oped. Therein, appearance and versatility are a matter

of importance.

[0005] A motion such as an opening and closing of a

screen is mechanically conducted at present to reveal

the motions of a doll or the like to the viewer at a prede-

termined time. Therefore the movement is limited and

the wear and tear occur with years of use.

[0006] Furthermore, in order to display a character,

the liquid crystal display panel described above is

sometimes used.

[0007] In a watch or clock using such a liquid crystal

panel, time information and calendar information are

displayed in digital form in a black display on a white

background in an ordinary, normally-white mode.

[0008] However, digital display of time information or

calendar information in only a black display on a white

background is monotonous in design, lacks an interest-

ing point, and loses its popularity among customers,

which results in a decrease of demand of a digital dis-

play watch or clock. Accordingly, a digital display watch

or clock with a variety of designs has been sought.

[0009] A method of shielding a portion of or all of a

time-display section on a watch or clock in accordance

with circumstances at the time of use or internal condi-

tion of the watch or clock has been studied, but the

progress can not be said sufficient in terms of making

the timepiece thinner and regarding the controllability.

5 Switching between the display and no display of infor-

mation, carried out by control of opening and closing of

a time-display section of a watch or clock through the

comand input by a timepiece user or a signal from the

outside from a timer or comand communication method,

w or by using a portion of the time-display section itself as

a shutter, is sought. However, the design problems of

such a timepiece have not been erased.

[001 0] Furthermore, in the case of a table clock or a

wall dock equipped with a marionette and the like,

15 opening and closing of a screen or a door to show the

motion of the doll and the like to viewers are carried out

mechanically at present, which limits the movement and

also causes a disadvantage of deterioration occuring

with years of use.

20 [001 1 ] A first object of the present invention is to solve

the disadvantages described above and provide a dig-

ital-type timepiece, analog-type timepiece or combina-

tion digital- and analog-type timepiece having a variety

of designs. A second object of the present invention is to

25 improve the design and provide a timepiece offering

much variety in the manner in which the time-display

section can be closed or opened in accordance with a

control signal based on the circumstances where the

timepiece is in use or based on a user-input comand, or

30 in accordance with the internal conditions of the time-

piece.

[001 2] A third object is to provide a timepiece, includ-

ing a table clock or a wall clock equipped with a mario-

nette and the like, with an innovative design wherein,

35 the display portion, such as a stage presenting dolls

and the like, can be opened or closed whenever

required without employing a mechanical means.

DISCLOSURE OF THE INVENTION
40

[001 3] In order to achieve the aforementioned object,

a time piece according to the present invention is a

watch or clock having a time-display section and is pro-

vided with a reflection-type polarizing film, which

45 reflects the light linearly polarized in the direction

orthogonal to the transmission axis thereof, on at least

a portion in front of or at the back of the time-display

section.

[0014] The reflection-type polarizing film may be

so arranged so as to form a portion of the time-display sec-

tion and occupy at least a portion of the display surface.

[001 5] In these timepieces, it is preferable to provide

an optical modulation section to vary a ratio of the

amount of light incident in the direction to the transmis-

55 sion axis of the reflection-type polarizing film, to the

amount of light incident in the direction orthogonal to the

transmission axis thereof.

[0016] The optical modulation section is a means to
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make the reflection intensity and the transmission inten-

sity variable for incident light passing through the reflec-

tion-type polarizing film, by making vary a ratio of the

light incident in the direction to the transmission axis of

the reflection-type polarizing film to the light incident in 5

the direction to the reflection axis thereof, intersecting

with the transmission axis at right angles.

[001 7] It is possible to form a shutter which selectively

performs transmitting and shielding of the light incident

on at least a portion of the time-display section through

the reflection-type polarizing film and the optical modu-

lation section.

[001 8J The optical modulation section may have a liq-

uid crystal layer, an electrode to apply voltage on the liq-

uid crystal layer, the second reflection-type polarizing

film, and any one of an absorption-type polarizing film or

a color polarizing film.

[0019] Alternatively, the optical modulation section

may be rotatably provided with any one from an absorp-

tion type polarizing film, the second reflection-type

polarizing film, a color polarizing film, or a grid-type

polarizing film in a manner that the angle between

respective transmission axes can be changed in relation

to the reflection-type polarizing film.

[0020] The reflection-type polarizing film may be pro-

vided with an opening portion and/or a shielding por-

tion.

[0021] It is suitable to provide a supplemental light

source to irradiate light from a viewer side or from the

reverse side toward the reflection-type polarizing film.

[0022] Furthermore, a film which forms visible infor-

mation may be provided on the opposite side from the

viewer to the reflection-type polarizing film and the opti-

cal modulation section which compose the shutter.

[0023] The present invention can be applied to a time-

piece having a power-generating element

[0024] In this case, the above described optical mod-

ulation section may have a function to make at least one

portion of the power-generating element be a sensor to

detect its power generation amount and to make a ratio

of light incident on a transmission axis of the reflection-

type polarizing film to light incident on a reflection axis

intersecting the transmission axis at right angles be var-

iable based on a output signal of the sensor.

[0025] The power-generating element may be any of

a thermal power-generating element to generate elec-

tricity by means of temperature difference, a power-gen-

erating element which converts kinetic energy into

electric energy, or power-generating element which

converts optical energy into electric energy (a solar

cell).

[0026] It is also possible to be provided with any sen-

sor or a plurality of sensors from among a sensor

detecting a signal operated by a user, a sensor detect-

ing the applied circumstances, a sensor detecting a

time displaying condition of the time-display section, or

a sensor detecting a radio wave signal having a specific

frequency, and to have a function to make a ratio of light

4

incident on a transmission axis of the reflection-type

polarizing film to a light incident on a reflection axis

intersecting the transmission axis at right angles be var-

iable in accordance with a detected signal of the sensor.

[0027] The optical modulation section described

above can be comprised of a first polarizing film, a liquid

crystal cell which fills a liquid crystal layer between two

transparent substrates each having an electrode on the

facing inner surface, and a second polarizing film, in

order from the visible viewer side, in which at least any

one of the first polarizing film and the second polarizing

film is a reflection-type polarizing film.

[0028] The present invention can be applied to any

one of a watch or clock in which the time-display section

described above is an analog-type time-display section

displaying hours, minutes, seconds and so on with

hands, a watch or clock in which the time-display sec-

tion is a digital-type time-display section displaying the

time information with numerals, or a watch or clock

using a combination of those described above.

[0029] In a watch or clock equipped with: an analog-

type time-display section or a digital-type time-display

section, it is possible that any one or both of the time-

display sections described above are provided at the

back of a shutter consisting of the reflection-type polar-

izing film and the optical modulation section, and areas

of a visible portion and an invisible portion of the time

displaying section are controlled by means of changing

the optical characteristic of the liquid crystal layer by

applying voltage between electrodes of the liquid crystal

cell which forms the optical modulation section

described above, and that the section of the shutter cor-

responding to the invisible portion of said time display-

ing section has a reflecting characteristic.

BRIEF DESCRIPTION OF DRAWINGS

[0030]

Fig! 1 is a plane view of a watch showing a first

embodiment of the present invention;

Fig. 2 is a schematic sectional view taken along the

line A-A in Fig. 1

;

Fig. 3 is an explanatory view of a shutter function of

a watch that is also the first embodiment;

Fig. 4 is a plane view of a watch showing a second

embodiment of the present invention;

Fig. 5 is a schematic sectional view taken along the

line B-B in Fig. 4;

Fig. 6 is a plane view of a watch unit showing a third

embodiment of the present invention;

Fig. 7 is a schematic sectional view taken along the

line C-C in Fig. 6;

Fig. 8 is a plane view of a watch showing a fourth

embodiment of the present invention;

Fig. 9 is a schematic sectional view taken along the

line D-D in Fig. 8;

Fig. 10 is a plane view of a watch showing a fifth

EP0 927 917 A1

15

20

25

30

35

40

45

50

3



5

embodiment of the present invention;

Fig. 1 1 is a schematic sectional view taken along

the line E-E in Fig. 10;

Fig. 12 is a block diagram showing a configuration

of an electric circuit used for the watch illustrating

the fifth embodiment according to the present

invention;

Fig. 13 is a front view of a table dock showing a

sixth embodiment of the present invention;

Fig. 1 4 is a front view of a wall clock showing a sev-

enth embodiment of the present invention;

Fig. 15 is a schematic sectional view taken along

the line F-F in Fig. 14; and

Fig. 16 is a front view of a wall clock showing an

eighth embodiment of the present invention;

BEST MODE FOR CARRYING OUT THE INVENTION

[0031] Embodiments best-suited to carrying out the

invention will be explained hereinafter with reference to

the drawings.

First embodiment : Fig. 1 to Fig. 3

[0032] Fig. 1 is a plane view of a watch showing the

first embodiment of the present invention, and Fig. 2 is

a schematic sectional view taken along the tine A-A in

Fig. 1.

[0033] A case 1 is provided with glass 2 and a case

back 3, and a time-display section includes a printed cir-

cuit board 4 having an electric circuit, and a stepping

motor and the like to drive a hand shaft 8, a secondary

battery 5, an hour hand 6 and a minute hand 7 which

are connected to the hand shaft 8. Incidentally the hour

hand shaft and the minute hand shaft are concentrically

inserted into the hands shaft 8.

[0034] A reflection-type polarizing film serving as a

first polarizing film 9 is arranged between the hour hand

6 and the printed circuit board 4. On the case back 3

side (back side) of the reflection-type polarizing film 9,

provided is the dial 10 on which numerals from
H
1 to 12

M

expressing the time are printed near the periphery of a

front surface of a translucent ceramic substrate.

[0035] On the back side of the dial 10. an electro-lumi-

nescent light (EL) is provided as a supplementary light

source 12. The supplementary light source 12 is con-

nected to the printed circuit board 4 through a terminal

13 for the supplementary light source and is turned on

automatically when necessary, by detecting the circum-

stances external to the watch with a sensor that will be

described later.

[0036] On the upper surface side of the peripheral por-

tion of the glass 2 used in the case 1 , an absorption-

type polarizing film with a high transmittance is dis-

posed as a second polarizing film 1 4. The second polar-

izing film 14 is sandwiched with two plates of thin

reinforced glass, and fixed to a polarizing film-holding

ring 15. The polarizing film-holding ring 15 is rotatably

6

fitted mechanically to a side wall of the case 1 so that it

can be rotatably operated at will by a user of the watch.

On the polarizing film-holding ring 15, many protuber-

ance portions 21 are formed along the periphery to facil-

5 itate the rotational operation.

[0037] Here, the reflection-type polarizing film used as

a first polarizing film 9 is a polarizing film which has a

function of transmitting the light linearly polarized in the

direction parallel to the transmission axis but which

10 reflects the light linearly polarized in the direction inter-

secting with the transmission axis at right angles.

[0038] The absorption-type polarizing film used as the

second polarizing film 14 is a polarizing film which has a

function of transmitting the light linearly polarized in the

75 direction parallel to the transmission axis but which

absorbs the light linearly polarized in the direction inter-

secting with the transmission axis at right angles.

[0039] Therefore, by turning the second polarizing film

14 so as to make an angle variable between the reflec-

20 tion-type polarizing film and the transmission axis of the

absorption-type polarizing film, the ratio of the light inci-

dent on the transmission axis to the light incident on the

reflection axis, intersecting with the transmission axis at

right angles, is made variable in relation to the light inci-

25 dent on the reflection-type polarizing film that is the first

polarizing film 9, so that the amount ratio of transmitted

light to reflected light by the first polarizing film 9, that is,

reflection intensity and transmission intensity, can be

made variable.

30 [0040] For the reflection-type polarizing film used in

the embodiment, for instance, optical film DBEF (trade

name) sold by SUMITOMO 3M Co., Ltd. may be used.

[0041 ] According to the watch in the first embodiment,

the turning operation of the holding ring 1 5 for the polar-

35 izing film fitted to the case 1 makes the second polariz-

ing film 14 rotate, which makes a angle between the

respective transmission axes of the second polarizing

film 14 and the polarizing film 9 on the dial 10 variable

from 0° (full transmission) to 90° (full reflection).

40 [0042] Through the above operation, the state of the

display area can be varied in a manner that the reflec-

tion ratio gradually increases from a state in which all

the time-display section on the dial 1 0 is visible, through

a state of half transmission and half reflection, to a state

45 of full reflection (wherein the dial 10 becomes invisible).

[0043] Thus, by turning the second polarizing film 14

on the dial 10, the design of a watch can be changed in

a manner that, for instance, full reflection on x day, semi-

transmission on x + 1 day, and full transmission on x + 2

so days and so on.

[0044] Here, the shutter function by the first polarizing

film 9 and the second polarizing film 14 will be explained

using Fig. 3.

[0045] By turning the second polarizing film 14, an

55 angle between the transmission axes of the first polariz-

ing film 9 and the second polarizing film 14 varies, and

the ratio of light along the transmission axis to the light

along the reflection axis varies, light on both axes being

EP0 927 917 A1
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tight incident on the reflection-type polarizing film, that is

the first polarizing film 9.

[0046] Through this, as shown in Fig. 3, the state of

the time-display section varies from a full reflection state

(a) in which the transmission axis of the first polarizing s

film 9 intersects with the transmission axis of the second

polarizing film 14 at right angles (an intersecting angle

of 90°); through a state (b) with the intersecting angle of

70° in which the amount of reflection somewhat

decreases and a blackish tone increases; a state of half

reflection and half transmission (c) with the intersecting

angle of 45°; a state (d) with the intersecting angle of

30° in which the reflection lowers and the blackish tone

lowers; and a state (e) with the intersecting angle of 20°

in which the transmittance is considerably high, to a

state (f) with the intersecting angle of 0° in which the

transmittance becomes maximum.

[0047] In this case, when the light incident on the first

polarizing film 9 is fully reflected (a), the dial 10, time-

indicating letters 11, hour hand 6, and minute hand 7

become very difficult to observe. In other words, the

back side of the second polarizing film 14 is almost

shielded. Furthermore, the lowering in reflectance and

the increasing in transmittance are possible by means
of varying angle between the transmission axes of the

first polarizing film 9 and the second polarizing film 14.

The full reflection (a) and the full transmission (f) corre-

sponds to opening and closing of the shutter actuated

by a shutter function performed by the first polarizing

film 9 and the second polarizing film 14. Further, the

middle state is a semi-reflection state or a semi-trans-

mission state, namely, a middle state of the shutter.

[0048] As explained above, by control of the reflection

and transmission with the first polarizing film 9 and the

second polarizing film 14, the performance of the on-off

or middle state between the on-off, for the presentation

of the time-display section disposed on the back of the

second polarizing film 14, is called the shutter function.

[0049] While the first embodiment, the user of the

watch turns the second polarizing film manually, the

shutter function is sufficiently effective if the polarizing

film is turned together with the turning of a minute hand

or an hour hand, or turned by a motor through the oper-

ation of a control switch.

[0050] The above explanation is for a embodiment of

a wrist watch, but when the size of the time-display sec-

tion or the shape of the case 1 is changed, the present

invention can be applied to a table clock or a wall clock.

Second embodiment : Fig. 4, Fig. 5

[0051 ] A second embodiment of the present invention

will be explained with reference to Fig. 4 and Fig. 5.

[0052] In the embodiment, a shutter function is per-

formed by the interplay of the first polarizing film 9, the

second polarizing film 14, and a liquid crystal cell 39.

[0053] By applying the liquid crystal cell 39, the shut-

ter function can be electrically varied. For the time-dis-

play section, a liquid crystal display panel which is the

same as that for the shutter function is applied. Conse-

quently, a watch can be made thinner.

[0054] Fig. 4 is a plane view of a watch showing the

second embodiment. Fig. 5 is a schematic sectional

view taken along the line B-B.

[0055] A liquid crystal display panel used in the

embodiment displays much character information to

apply to both a time-display section and an optical mod-

ulation section, and a matrix-type liquid crystal display

panel is adopted to further enrich the shutter function.

[0056] As a polarizing film to form a liquid crystal dis-

play panel 30 with a liquid crystal cell 39 shown in Fig.

5, a reflection-type polarizing film is adopted for the first

polarizing film 9 which is disposed on the back side of

the liquid crystal cell 39 and an absorption-type polariz-

ing film is adopted for the second polarizing film 14

which is disposed on the surface side of the liquid crys-

tal cell 39.

[0057] Furthermore, the matrix-type liquid crystal dis-

play panel 30 has a shutter function, and as shown in

Fig. 4, the first display area 31 displays character infor-

mation, and a shutter function works on a second dis-

play area 32 and it shows a full reflection state in which

important information is shielded.

[0058] Thus, the liquid crystal display panel 30 is

roughly divided into a first display area 31 and a second

display area 32, and in order to minimize power con-

sumption when the shutter works, no voltage is applied

on the second display area 32 in a state shown in Fig. 4.

Since the matrix-type liquid crystal display panel 30 is

used in the embodiment, a digital-type time-display sec-

tion which displays time with letters or an analog-type

time-display section which displays time with hands can

be expressed with a liquid crystal display panel.

[0059] Therefore, the electrode arrangement in the

matrix-type liquid crystal display panel 30 adopts an

arrangement extending in a round shape, and one side

area out of the area divided into a upper portion ad a

lower portion is also applicable as an analog-type time-

display section. When a portion of the display is shut,

only one out of the upper portion and the lower portion

of the matrix-type liquid crystal display panel 30 is dis-

played.

[0060] In the case 1 of the wrist watch, glass 1 and a

case back 3 are provided as shown in Fig. 5, and the

time-display section includes a printed circuit board 4, a

secondary battery 5, a matrix-type liquid crystal display

panel 30, and a zebra-rubber connector 38 to connect

the liquid crystal display panel 30 with the printed circuit

board 4. The time display is performed by the matrix-

type liquid crystal display panel 30.

[0061 ] The matrix-type liquid crystal display panel 30

is formed including, in order from the glass 2, an

absorption-type polarizing film as the second polarizing

film 14, the liquid crystal cell 39. and a reflection-type

polarizing film as the first polarizing film 9.

[0062] In order to prepare the liquid crystal cell 39 a
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first substrate 33 and a second substrate 35, having a

transparent electrode on each confronting inner sur-

face, are bonded through a sealing agent 36, and the

liquid crystal 34 is filled in the gap thereof. The sealing

agent 36 contains a conductive particle. In order to

reduce power consumption by keeping the display qual-

ity of the matrix-type liquid crystal display panel 30, a

switching element is provided for electrodes which form

each pixel of the liquid crystal cell 39.

[0063] The switching element has a three-terminal-

type switching element and a two-terminal-type switch-

ing element, and by providing the switching element, a

signal for applying voltage on the liquid crystal 34 can

be output intermittently.

[0064] Further, in order to apply an aligning treatment

to the liquid crystal 34, an alignment film is coated on

the first substrate 33, a first electrode formed in the

inner surface thereof, the second substrate 35 and a

second electrode formed in the inner surface thereof to

perform the aligning treatment, and the liquid crystal cell

34 forms a twisted-nematic-type liquid crystal cell (TN)

which twists to 90° white the liquid crystal 34 passes

from the first substrate 33 to the second substrate 35.

[0065] A reflection-type polarizing film is used for the

first polarizing film 9, and a transmission-type polarizing

film is used for the second polarizing film 14, and the

transmission axes of the first polarizing film 9 and the

second polarizing film 14 are arranged in parallel with

each other. That is, when the power supply to the liquid

crystal cell 39 is suspended, since linearly polarized

light which is passed through the second polarized film

1 4 is twisted by 90° through the liquid crystal cell 39 and

the direction of polarization of light incident into the first

polarizing film 9 intersects with its transmission axes at

right angles, the light is totally reflected by the first

reflection-type polarizing film 9 so that the liquid crystal

display panel 30 can display a metallic reflection sur-

face.

[0066] A shielding film 37 is arranged on the second

polarizing film 14 to shield a sealing agent 36, a proc-

essed edge and so on used for the liquid crystal display

panel 30. By adopting a colored polarizing film for the

shielding film 37 and by printing numerals showing the

hour on the color polarizing film, a full colored time-dis-

play can be realized.

[0067] Furthermore, in order to connect the liquid

crystal panel 30 with the printed circuit board 4, a zebra-

rubber connector 38 which is made of a laminated layer

consisting of conductive particles and an insulating

material. Since a group of electrodes of the matrix-type

liquid crystal display panel 30 are divided into an upper

portion and a lower portion as shown in Fig. 4, the

zebra-rubber connector 38 is connected to the printed

circuit board 4 from three directions of top, bottom, and

vertical.

[0068] An electroluminescent lamp (EL) is used as a

supplementary light source 12 to be used when the

wrist watch is used in the dark, and the lamp is con-

10

nected through the printed circuit board 4 and a terminal

13 for the supplementary light source so that the thick-

ness of the wrist watch can be reduced. A gap is

arranged between the supplementary light source 12

5 and a reflection-type polarizing film, that is the first

polarizing film 9. Thus, a contrast ratio of two values for

a reflecting portion and a dark display becomes large so

that it can be used for the display of the matrix-type liq-

uid crystal display panel 30, when the supplementary

w light source 1 2 is not on.

[0069] Fig. 4 shows that various information is dis-

played on the upper first display area 31, and on the

lower second display area 32, the display is entirely sus-

pended in response to the decrease of the electricity

is accumulation amount, so that the lower second display

area 32 is used as a reflection section.

[0070] Furthermore, the shutter function of the wrist

watch is not limited to the two-way divided area of the

first display area 31 and the second display area 32, but

20 a shutter obtained from various areas can be realized

by means of a control signal to the liquid crystal display

panel 30 because the matrix-type liquid crystal display

panel 30 is used.

25 Third embodiment : Fig. 6, Fig. 7

[0071] Next, the third embodiment of the present

invention will be explained with reference to Fig. 6 and

Fig. 7.

30 [0072] The formation in the third embodiment will be

explained, in which both of the polarizing films that form

the liquid crystal display panel 30 are of a reflection-type

polarizing film and are used as a optical modulation

section, and a solar cell is provided as a power-generat-

35 ing element.

[0073] ft is an embodiment in which a shutter function

to vary the ratio of a transmission area having a large

transmittance to a reflection area having a large reflect-

ance in the liquid crystal display panel using a reflec-

40 tion-type polarizing film in accordance with the intensity

of light incident on a solar cell and the magnitude of

electricity accumulation amount, is provided, and the

amount of power generation of the solar cell is dis-

played, a danger signal due to decrease of the electric-

45 ity accumulation amount is issued, and control of an

amount of power generation of the solar cell is carried

out.

[0074] A case 1 of the wrist watch is equipped with

glass 2 and a case back 3 as shown in Fig. 7, and a

so time-display section includes a printed circuit board 4, a

secondary battery 5 which serves as a power source

such as for a stepping motor to drive a hand shaft 8, an

hour hand 6 and a minute hand 7 connecting to a hand

shaft 8. Further, on the printed circuit board 4, a solar

55 cell 41 to convert optical energy into electric energy is

disposed as a power generating element, and is con-

nected with a connecting terminal 42.

[0075] The liquid crystal display panel 30 in the

6
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embodiment is nearly the same as the liquid crystal dis-

play panel 30 used in the above-mentioned second

embodiment, and a reflection-type polarizing film is

adopted for both the first and second polarizing films 9

and 14. A reflection-type polarizing film as the first 5

polarizing film 9 and a reflection-type polarizing film as

the second polarizing film 14 are arranged in a manner

such that their transmission axes intersect with each

other at right angles.

[0076] Furthermore, on the central portion of the liquid

crystal display panel 30, a hand shaft hole 40 for a hand

shaft 8 to pass through is provided, and a sealing agent

36 is provided around the hole 40 for reinforcement.

[0077] For the liquid crystal 34 which is filled in the liq-

uid crystal cell 39. a super twisted nematic (STN) liquid

crystal which twists in the range of 1 80° to 260° from the

first substrate 33 to the second substrate 35 is used.

[0078] On the reflection-type polarizing film, that is the

first polarizing film 9, a shielding film 37 is provided to

shield around a sealing agent 36 which forms a liquid

crystal display panel 30, an end of processed portion,

and a hand shaft hole 40.

[0079] To connect the liquid crystal display panel 30

and the printed circuit board 4, a zebra-rubber connec-

tor 38 which is formed by laminating conductive particle

and insulating material is used.

[0080] As shown in Fig. 6, the liquid crystal display

panel 30 has a round shape display area 20 consisting

of a first display area 20a to a twelfth display area 20L

which are divisions of 12 parts around the hand shaft

hole 40, the number "12" being the same number as the

hour "12". A ratio of the amount of the reflected light to

the amount of the transmitted light through the first

polarizing film 9 can be respectively controlled in each

display area 20a to 20L which is a division of the display

area 20.

[0081] Time-indicating letters 11 from "1" to "12"

which indicate time are printed on the second polarizing

film 14.

[0082] According to the wrist watch in the third embod-

iment, a shutter function which varies a ratio of a reflec-

tion area to a transmission area of the liquid crystal

display panel 30 is operated to intensify light incident on

the solar cell 41 in response to a decrease of the elec-

tricity accumulation amount so that an amount of trans-

mission area is increased. For this purpose, the shutter

of the liquid crystal display panel 30 is opened and

closed from the first display area 20a to the twelfth dis-

play area 20L. Since the transmittance rises as voltage

applied to the liquid crystal cell 39 decreases, the power

consumption of the liquid crystal display panel 30 can

be reduced and the transmittance of the liquid crystal

display panel 30 can be enlarged when a solar cell is

used as a power-generating element, wherein the shut-

ter function of the liquid crystal display panel works

most effectively.

[0083] By forming an interference film on the surface

of the solar cell 41 , when the transmittance of the liquid

crystal display panel 30 becomes large, each display

area can be displayed in various color, such as a rain-

bow of colors, by reflection from the solar cell 41

.

[0084] Further, by combination of the first polarizing

film 9 and a color filter or a color polarizing film, color

display can be realized. By changing the color of the

color filter according to each display area of the display

area 20 shown in Fig. 6, the amount of generated elec-

tricity and the amount of accumulated electricity of the

solar cell 41 can be displayed in conjunction with the

shutter function of the liquid crystal display panel 30.

[0085] As is detailed in the above explanation, the

embodiment is very effective due to special characteris-

tics of the wrist watch which adopt a reflection-type

polarizing film for the liquid crystal display panel 30 of

the wrist watch. In addition, by controlling the reflect-

ance and the transmittance of the liquid crystal display

panel 30 which uses a reflection-type polarizing film in

accordance with the amount of generated electricity and

the amount of accumulated electricity of the power gen-

erating element, the amount of generated electricity and

the amount of accumulated electricity can be displayed

without degrading the appearance of the wrist watch,

and which contributes to enlarge the range of applica-

tions of a watch having a power generating element.

[0086] Particularly, when the power generating ele-

ment is a solar cell, by varying the intensity of light inci-

dent on the solar cell, the accumulated electricity

amount can be averaged. Furthermore, by selecting a

mode of the liquid crystal display panel, improvement of

the appearance, display of the electricity accumulating

amount or the power generating amount, reduction of

power consumption for driving the liquid crystal display

panel, and adjustment of intensity of light incident on the

solar cell can become possible.

[0087] When a solar cell is adopted as a power-gen-

erating element and a liquid crystal display panel having

a reflection-type polarizing film is used, since a solar

cell is generally opaque and it is necessary to let light in

for power generation, it is necessary to utilize a trans-

mitting portion of the liquid crystal display panel having

a reflection-type polarizing film to let light in to the solar

cell, and to remove as much as possible any matters

blocking light from the glass 2 to the solar cell 41

.

[0088] Therefore, in this embodiment, a method is

adopted in which a supplementary light source used

when a wrist watch is used in dark surroundings is dis-

posed around the solar cell 41 between the liquid crys-

tal display panel 30 having a reflection-type polarizing

film and the printed circuit board 4, wherein light of the

supplementary light source is emitted from a transmit-

ting portion of the liquid crystal display panel 30 having

a reflection-type polarizing film to a viewer side utilizing

the reflection characteristic of the solar cell 41 and

reflection characteristic of the first polarizing film 9. It is

effective to dispose a reflection-type polarizing film, that

is the first polarizing film 9, on the side facing the solar

cell 41, in order to utilize the reflection characteristic of
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the reflection-type polarizing film.

[0089] The above explanation is for an embodiment

applying to a wrist watch, but when the size of the time-

display section or shape of the case 1 is changed, the

present embodiment can be applied to a table clock or a s

wall clock.

Fourth embodiment : Fig. 8, Fig. 9

[0090] Next, the fourth embodiment of the present

invention will be explained with reference to Fig. 8 and

Fig. 9.

[0091] The fourth embodiment has a structure in

which a liquid crystal display panel 30 is disposed

nearer to the glass side than to a time-display section.

[0092] Fig. 8 is a plane view of a watch showing the

fourth embodiment, and Fig. 9 is a schematic sectional

view taken along the line D-D in Fig. 8.

[0093] A case 1 of the wrist watch is equipped with

glass 2 and a case back 3 as shown in Fig. 9. In order

from the glass 2 side, high transmittance absorption-

type polarizing film serving as a liquid crystal display

panel 30 and as a second polarizing film 14, a liquid

crystal cell 39, and a reflection-type polarizing film as a

first polarizing film 9 are arranged.

[0094] The liquid crystal cell 39 is structured in the

same way as is used in the first embodiment shown in

Fig. 5. Since the liquid crystal display panel 30 needs to

be supported above an hour hand 6 or a minute hand 7,

the liquid crystal display panel 30 is fixed to the case 1

by holding it from upper and lower side with an upper

stopper 44 and a lower stopper 46 which are fixed on

the case 1 , and a ring-shape rubber packing 45.

[0095] The printed circuit board 4 and the liquid crystal

display panel 30 are connected with a connector 47,

through which a predetermined.driving signal is given to

the liquid crystal display panel 30.

[0096] As shown in Fig. 8, a letter-display section 43

which displays characters can be arranged on the time-

display section and further the liquid crystal display

panel 30 becomes transparent when no voltage is

applied.

[0097] When the liquid crystal display panel 30 is dis-

posed in the inner side of the glass 2, since use of a

reflection-type polarizing film as the second polarizing

film 14 yields high reflectance and low visibility of the

time-display section on the back side, it is preferable to

adopt an absorption-type polarizing film for the second

polarizing film 14. Further, in order to improve the

appearance of the watch, it is understood to be impor-

tant to improve the transmittance of the liquid crystal

display panel 30 and for it to be colorless. Accordingly,

in this embodiment, a high transmittance absorption-

type polarizing film is adopted for the second polarizing

film 14 and emphasis is laid on colorlessness in the vis-

ible region.

[0098] Furthermore, a twisted nematic (TN) type crys-

tal which twists from the first substrate 33 to the second

14

substrate 35 by about 90° is used for the liquid crystal

34 in the liquid crystal cell 39.

[0099] The absorption-type polarizing film, that is the

second polarizing film 14, and the reflection-type polar-

izing film, that is the first polarizing film 9, are arranged

in such a manner that their transmission axes intersect

with each other at right angles so that the transparency

becomes high when no voltage is applied.

[0100] On the back side of the liquid crystal display

panel 30, the printed circuit board 4 to drive a hand shaft

8, a secondary secon 5, and the time-display section

including an hour hand 6 and a minute hand 7 which

connect to a hand shaft 8 are provided. On the printed

circuit board 4, a solar cell 41 as a power-generating

element which converts optical energy into electric

energy is equipped. Between the hour hand 6, minute

hand 7 and solar cell 41, the white dial 10 to shield the

surface of the solar cell 41 is provided. A face made of

high transmittance ceramic is adopted for the dial 1 0.

[01 01 ] Thus, since the display is performed by dispos-

ing the liquid crystal display panel 30 in the inner side of

glass 2 above the hour hand 6 and the minute hand 7 in

the watch of this embodiment, recognition of displayed

information is extremely improved. Decease in reduc-

tion of electricity accumulation amount by suspending

the display in response to lowering of electricity accu-

mulation amount, and improvement of transmittance of

the liquid crystal display panel 30 make efficiency of the

power generation of the solar cell 41 improve, as the

result, stoppage of quartz oscillation or stoppage of

motion of the hour hand 6 or the minute hand 7 is pre-

vented,

[0102] Furthermore, in the wrist watch shown in Fig.

8, opening-and-closing of the shutter of the liquid crystal

display panel 30 is performed by one operation. Fig. 8

shows the manner of displaying letters, and in this

embodiment, since the first polarizing film 9 and the

second polarizing film 14 are disposed in the inner side

of the glass 2 of the time-display section, the time-dis-

play section can be entirely shielded by the shutter func-

tion.

[0103] When exhaustion of the electricity accumula-

tion amount or delay of the time-keeping occur, it is pos-

sible to shield the time-display section by means of the

shuttering function and to inform the user of the abnor-

mality of time display by reflecting incident light by

means of the liquid crystal display panel 30. The display

of the liquid crystal display panel 30 can be a metallic

reflection panel. Consequently, the liquid crystal display

panel 30 of the wrist watch can be used as a mirror.

[0104] When the embodiment is applied to a table

clock, the clock can be used also as a mirror by setting

the liquid crystal display panel 30 of the clock at a height

suitable for a viewer.

[01 05] The solar cell 41 is used for a power-generating

element in this embodiment. When the shuttering func-

tion of the embodiment is utilized, even in the case of

using a mechanical power generating means to convert
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kinetic energy of rotational movement of a rotor into

electric energy or in the case of using a thermoelectric

power-generating element to convert a temperature dif-

ference into electric energy, the reflection ratio or the

transmission ratio can be controlled in accordance with 5

the power-generating state of the power-generating ele-

ment.

[0106] For instance, when the power generation is

resumed after occurrence of error in the time-displaying

or exhaustion of the electricity accumulation amount,

when an error of time is found on resuming the opera-

tion of the time-displaying section, the shutter function

utilizing the reflection-type polarizing film for the liquid

crystal display panel 30 enhances its appearance and

display the necessity of further readjustment of the time

to the user.

Fifth embodiment : Fig. 10 to Fig. 12

[01 07] Next, the fifth embodiment of the present inven-

tion will be explained with reference to Fig. 10 to Fig. 12

[01 08] The present invention performs a shutter func-

tion with interplay of a first and second polarizing films 9

and 14, and a liquid crystal cell 39. By utilizing the liquid

crystal cell 39, the shutter function can be electrically

varied.

[0109] A time-display section utilizes the same liquid

crystal display panel as the shutter-function does.

Therefore, a wrist watch can be made thinner. The wrist

watch is equipped with a transmitting/receiving antenna

53 to detect a signal from the outside.

[01 10] Fig. 1 0 is a plane view showing a watch of the

fifth embodiment, and Fig. 1 1 is a schematic sectional

view taken along the line E-E. Fig. 12 is a block diagram

showing a structure of an electric circuit provided in the

watch.

[01 1 1 ] A liquid crystal display panel 30 used in the fifth

embodiment adopts a matrix-type liquid crystal display

panel 30 to present a lot of character information for effi-

ciently utilizing it for both of a time-display section and

an optical modulation section and also to enrich the

shutter function. As a polarizing film to structure the liq-

uid crystal display panel 30 together with the liquid crys-

tal cell 39, a reflection-type polarizing film is adopted for

the first polarizing film 9 and a absorption-type polariz-

ing film for the second polarizing film 14.

[01 1 2] The matrix-type liquid crystal display panel 30

has a shutter function and as shown in Fig. 10, all of the

display area of the liquid crystal display panel 30 can

display detailed information, however, for the sake of

convenience, it is assumed that the first display area 22

has changed to show a metallic display which is one of

reflection characteristics of the shutter function. A signal

from the outside is received by the transmitting/receiv-

ing antenna 53, treated through a receiving circuit 64

shown in Fig. 12, and controling a driving circuit 62 of

the liquid crystal display panel by the signal, a display

state of the liquid crystal display panel 30 is determined.

[0113] A case 1 of the wrist watch is provided with

glass 2 and a case back 3 as shown in Fig. 1 1 and the

time-display section includes a printed circuit board 4, a

secondary battery 5. a matrix-type liquid crystal display

panel 30, and a zebra-rubber connector 38 which con-

nects the liquid crystal display panel 30 and the printed

circuit board 4. The time display is performed with a

matrix-type liquid crystal display panel 30.

[01 14] The matrix-type liquid crystal display panel 30

consists of, in order from the glass 2 side, an absorp-

tion-type polarizing film as the second polarizing film 1 4,

the liquid crystal cell 39, and a reflection-type polarizing

film as the first polarizing film 9. The liquid crystal cell 39

is structured in the same manner as is used in the first

embodiment shown in Fig. 5. The liquid crystal 34 which

is filled in the liquid crystal cell 39 uses a twisted-

nematic (TN) type liquid crystal cell which twists from

the first substrate 33 to the second substrate 35 by 90°.

[01 1 5] The first polarizing film 9 and the second polar-

izing film 14 are disposed in a manner that their trans-

mission axes are parallel to each other. Accordingly,

when the power supply to the liquid crystal cell 39 is

suspended, the liquid crystal display panel 30 can per-

form a characteristic metallic reflection display because

the linearly polarized light which penetrates through the

second polarizing film 14 and is twisted by 90° at the liq-

uid crystal cell 39 has a polarizing direction orthogonal

to the transmission axis of the first polarizing film 9 so

that ail of the light is reflected.

[01 16] A shielding film 37 is provided on the second

polarizing film 14 to shield a sealing agent 36 which

forms the liquid crystal display panel 30 and a proc-

essed end portion. Using a color polarizing film for the

shielding film 37 and by providing numerals indicating a

time on the color polarizing film, the time-display is real-

ized in colors.

[0117] Furthermore, a zebra-rubber connector 38,

which consists of a conductive perticle and an insulating

material, is utilized to connect the liquid crystal display

panel 30 with the printed circuit board 4. An electrolumi-

nescent lamp (EL) is used for a supplementary light

source 12 used when a wrist watch is used in dark sur-

roundings, and the electroluminescent lamp is con-

nected with the printed circuit board 4 and a terminal 13

for the supplementary light source, in order to make the

wrist watch thinner.

[01 18] On the surface of the EL which is a supplemen-

tary light source 12 facing the liquid crystal cell 39, an

organic light-storing material is coated. Accordingly,

when it becomes dark in the surroundings of the watch,

first the organic light-storing material emits light, and

then the supplementary light source 12 is turned on. as

necessary.

[0119] In this embodiment, the supplementary light

source 12 and the shutter function of the (quid crystal

display panel 30 change the shutter function and the

character-display, operating together based on a signal

from the outside, which makes the function very attrac-
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tive especially for young wrist watch users.

[01 20] Further, the shutter function of the wrist watch

performs a curtain-like shutter display which gradually

and horizontally moves in the second display areas 54

and 55 within the first display area 22 shown in Fig. 1 0. s

The watch has a mode switch 51 to shift the display

mode, a switch 52 which performs on-off switching of

the supplementary light source and the transmitting,

and a control switch 50 which performs the setting of

time through a turning action and the control of the shut- w
ter function through a push-pull action.

[0121] Next, an electric circuit provided in the wrist

watch is explained referring to the block diagram in Fig.

12. An electric current is supplied from a battery 5 to

each circuit block and a standard pulse generating is

means (OSC) 60 and a time signal generating means
61 are actuated. A transmitting circuit 63 and a receiv-

ing circuit 64 operate by utilizing the standard pulse sig-

nal generated by the standard pulse generating means
(OSC) 60. The transmitting circuit 63 is actuated by the 20

operation of a control switch 50 shown in Fig. 10, and a

signal is supplied to a transmitting/receiving antenna 53

to transmit a signal to the outside.

[0122] A signal from the outside is received at the

transmitting/receiving antenna 53, detected by the 25

receiving circuit 64, then a control signal is output to a

driving circuit 62 of the liquid crystal display panel, and

the shutter function of the liquid crystal display panel 30

is controlled thereby.

[0123] For instance, a radio wave signal of a specific 30

frequency is detected by a receiving circuit 64 like a

pager-watch, and the shutter function of the liquid crys-

tal display panel 30 can be controlled by the detected

signal.

[0124] In this embodiment, as shown in Fig. 10, the 35

display portions 54 and 55 in the central portion of the

watch display a shutter in a scroll-system (a curtain-sys-

tem) based on a signal from the outside, a message
from a sender is displayed by an intermittent on-off of

the shutter. For instance, an initial stage corresponds to 40

A, and next to M, corresponds to an opening of the shut-

ter 54, and a "AM" portion in a message "meet at

10:00AM" is shown in an intermittently displaying man-

ner.

[0125] In the display section 54 and 55. a film on as

which visible information (photograph, character, figure,

picture, and so on) is formed, can be provided on the

opposite side (back side) relative to a viewer, on the first

polarizing film (reflection-type polarizing film) 9 which

forms the shutter and the liquid crystal cell 39 which is so

an optical modulation section. Through this structure,

the information on the film is sometimes invisible

because it is covered with the shutter and sometimes

visible because it is not covered by the shutter, which is

controlled by the liquid crystal cell 39. ss

[0126] In the watch hereinbefore explained, an

embodiment to dispose a film which forms visible infor-

mation thereon, a color filter, a power-generating ele-

917 A1 18

ment, a supplementary light source and the like on the

back side of the liquid crystal display panel 30 is

explained. It is also important for improvement in design

of the wrist watch to show a mechanical operation sec-

tion of an analog-type time-display section in which

gears are arranged, through the opening portion of the

shutter when the shutter function opens and closes. In

addition, the movement of the opening portion of the

shutter according to the passage of time makes it possi-

ble to improve the design of the wrist watch.

[01 27] In the embodiment, though the application to a

wrist watch is explained, it is possible to apply it to a

table clock and a wall clock by suitably modifying the

size of the display section and the shape of the case 1

.

Sixth embodiment : Fig. 13

[01 28] Hereinafter, an embodiment applied to a table

clock or a wall clock will be explained. First Fig. 13

shows a table clock which is the sixth embodiment of

the present invention.

[01 29] The clock corresponds to a clock in which the

time-display section of the wrist watch in the first

embodiment of the present invention shown in Fig. 1

and Fig. 2 is enlarged, the case 1 is formed in a cylindri-

cal shape, then they are fixed in a wooden, a stone, a

metal or a resin case 100.

[01 30] Accordingly, in Fig. 1 3, a portion corresponding

to the portion in Fig. 1 and Fig. 2 is given the same
numeral, and the explanation thereof is omitted. An ana-

log display mechanism of the clock and an arrangement

and type of the first and the second polarizing films are

the same as in the first embodiment By turning a hold-

ing ring 15 for the polarizing film, the display of the time-

display section changes to a full-mirror state or a trans-

parent state so that the time information by an hour

hand 6 and a minute hand 7 becomes visible.

Seventh embodiment : Fig. 14 and Fig. 15

[0131] Next, the seventh embodiment of the present

invention will be explained with reference to Fig. 14 and

Fig. 15.

[0132] This embodiment is an application of the

present invention to a wall dock, and its time-display

section is structured in the same manner as in the watch

of the third embodiment explained with reference to Fig.

8 and Fig. 9.

[01 33] On the lower side of the time-display section, a

marionette unit 19 having marionettes 16, 17 and 18 (5

pieces) is provided. A shutter function of the marionette

unit 19 is performed by an interplay of a polarizing film

and a liquid crystal cell.

[01 34] Fig. 1 4 is a front view of the clock, and Fig. 1

5

is a schematic sectional view taken along the line F-F in

Fig. 14.

[0135] In this clock, a case 1 for the clock unit and a

case 101 for the marionette unit 19 are fixed in a case

10
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200 which is made of wood or the like.

[01 36] The marionette unit 1 9 is sealed in a case 1 0

1

attached with glass 102 and a case back 103 as shown

in Fig. 15.

[0137] In the interior thereof, 5 pieces of the mario- s

nettes 16, 17, 18 and the motion mechanism (not

shown) are installed so that dust and the like are pre-

vented from entering the interior and preventing the

marionettes 16, 17, and 18 from being stained.

[01 38] Between the glass 102 and the marionettes 1 6,

17, and 18. from the glass 102 side, a high transmit-

tance absorption-type polarizing film as a second polar-

izing film 114, a liquid crystal cell 139, and a liquid

crystal display panel 130 consisting of a reflection-type

polarizing film as a first polarizing film 1 09 are arranged.

[0139] The liquid crystal cell 139 is a twisted nematic

type liquid crystal cell having a twist angle of 90° and is

structured such that a first substrate 133 and a second

substrate 135 which form a transparent electrode on

each confronting surface thereof are bonded through a

sealing agent 136, and liquid crystal 134 is filled in the

gap between the above substrates.

[01 40] For the reflection-type polarizing film as the first

polarizing film 109, an optical film such as DBEF (trade

name) sold by Sumitomo 3M Co., Ltd. is used.

[0141 ] The first polarizing film (a reflection-type polar-

izing film) 109 and the second polarizing film (a absorp-

tion-type polarizing film) 114 are disposed so that their

transmission axes are arranged nearly parallel to each

other.

[0142] Between the marionettes 16, 17, 18 and the

case back 1 03, a supplementary light source 1 1 2 to illu-

minate the marionettes 1 6, 1 7, and 1 8 when the circum-

stances surrounding the clock in use is dark, and a

printed circuit board 104 to drive-control the operation

mechanism of the liquid crystal panel 130 and the mar-

ionettes 16, 17 and 18. are arranged.

[0143] For the supplementary light source 112, an

array which disposes red, blue, and green light-emitting

diodes (LED) in plane is adopted, laying emphasis on

the color tone and variety of colors. The liquid crystal

display panel 130 and the printed circuit board 104 are

connected with a zebra-rubber connector 138.

[0144] On the viewer side of the liquid crystal display

panel 130, a shielding film 137 is provided to improve

the stage effects of the marionettes 16, 17, and 18. By

providing a something dark violet or gold hued material

as the shielding film 137, a high-quality image of the

marionettes 16,17 and 1 8 is enhanced.

[0145] The liquid crystal display panel 130 used in the

seventh embodiment is divided into five because it has

a shutter function to shield each doll of the marionettes

16, 17and 18 (five pieces of dolls) in the marionette unit

19. Each portion is electrically controllable by a signal

from the printed circuit board 104, respectively. For

instance, only right side marionettes 16, 17, and 18 can

be shielded in Fig. 14. Alternatively, the shielded potion

can be easily shifted from the right marionette to the left

20

marionette (or from the left to the right) at certain time

intervals.

[0146] In this embodiment, the clock has a shutter

function with a metallic luster owing to the reflection-

type polarizing film of the first polarizing film 109.

[01 47] Thus, in this embodiment, an electronic shutter

having a metallic reflection characteristic and transmis-

sion characteristic through the liquid crystal display

panel 130 can be provided on the viewer side of the

marionettes 16, 17, 18 in the marionette unit 19. Since

it is an electronic shutter, the shielding section and the

transmitting section of the shutter can be easily varied in

accordance with the movement of the marionettes 16,

17 and 18, and the control of the luminescent color of

the supplementary light source 12 and the control of the

opening and closing of the shutter on time can be also

possible, so that stage management of the marionettes

16, 17 and 18 can be varied.

[0148] Next, Fig. 16 is a front view of a wall clock

showing the eighth embodiment of the present inven-

tion.

[01 49] This wall clock is provided with a liquid crystal

display panel 30 in which a lower-side polarizing film is

a reflection-type polarizing film provided between a

glass front and an analog-display -type time-display

section consisting of a hour hand 6, a second hand 7,

and the dial 10, similar to that in the third embodiment

shown in Fig. 8 and Fig. 9. The above clock unit is fixed

in a case 300.

[01 50] The liquid crystal display panel 30 is equipped

with a character-display section 43 which displays char-

acters such as a schedule and the like on the time-dis-

play section.

[01 51 ] A transmitting/receiving antenna 53 is provided

on a portion of the surface of the case 300, a circuit sim-

ilar to that shown in Fig. 12 detects a signal having a

specific frequency from the outside, and the liquid crys-

tal display panel 30 is controlled based on the detected

signal so as to optionally vary the reflection or transmis-

sion state of the time-display surface.

[0152] As explained above, according to the present

invention, by disposing a reflection-type polarizing film

on the front side or the back side of a time-display sec-

tion of a timepiece or at least on a portion of the time-

display section, a display utilizing metallic reflection

characteristics and transmission characteristics having

a broad variety can be realized and the improvement of

the design of the timepiece and the development of an

innovative design become possible.

[01 53] A shutter function which is electrically control-

lable to the time-display section of a timepiece can be

provided. A portion or all of the display of the liquid crys-

15
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tat display panel can be contributed to the opening and

closing of a shutter and by utilizing a shape of an elec-

trode pattern of the liquid crystal display panel or a

matrix-type liquid crystal display panel, the function of a

fan shape, a concentric circle shape shutter, or a flash- 5

ing-type shutter and the flexibility thereof are widened

so that the display appearance of a timepiece can be

improved.

[0154] A liquid crystal display panel utilizing a reflec-

tion-type polarizing film can be applied to a shutter pro- 10

vided on the viewer side of a marionette which is

equipped in a wall clock for decorative purpose or for

adding value, so that it contributes to making the value

of the clock higher.

[0155] Furthermore, as a result of enriching a shutter 15

function by adopting an optical modulation section hav-

ing a reflection-type polarizing film for a watch equipped

with a power-generating element, it is possible to dis-

play a power-generating condition of a power-generat-

ing element, a state of the amount of the electricity 20

accumulation, and to manage treatment after suspen-

sion of a wrist watch due to the exhaustion of the accu-

mulated electricity, working together with the shutter

function. Particularly, when an optical modulation sec-

tion is disposed nearer to the glass side than to the 25

time-display section, erroneous recognition of the time-

display section due to full-closing of the shutter can be

prevented.

[0156] Additionally, by providing a color filter, a color

film, and a color polarizing film on a portion of a reflec- 30

tion-type polarizing film or on the case back side, a

colorful shutter can be realized.

Claims

35

1 . A timepiece having a time-display section, compris-

ing:

a reflection-type polarizing film which reflects

the light linearly polarized in the direction 40

orthogonal to the transmission axis thereof,

disposed on a front side or a back side at least

a portion of said time-display section.

2. A timepiece having a time-display section, compris- 45

ing:

a reflection-type polarizing film which reflects

the light linearly polarized in the direction

orthogonal to the transmission axis thereof, so so

that said polarizing film forms a portion of said

time-display section and occupies at least a

portion of the display surface.

3. A timepiece having a time-display section, compris- ss

ing:

a reflection-type polarizing film which reflects

the light linearly polarized in the direction

orthogonal to the transmission axis thereof,

disposed on a front side or a back side at least

a portion of said time-display section or on a

portion forming a part of said time-display sec-

tion; and

an optical modulation section for varying the

ratio of light incident on a transmission axis of

said reflection-type polarizing film to the light

incident on a reflection axis orthogonal there-

with.

4. The timepiece according to Claim 3, wherein said

optical modulation section is a means for varying

the reflection intensity and the transmission inten-

sity of the incident light through said reflection-type

polarizing film by varying the ratio of the light inci-

dent on the transmission axis of said reflection-type

polarizing film to the light incident on the reflection

axis orthogonal therewith.

5. The timepiece according to Claim 4, wherein a

shutter is structured to selectively perform trans-

mission and reflection of the light incident on at

least a portion of said time-display section by

means of said reflection-type polarizing film and

said optical modulation section.

6. The timepiece according to Claim 5, wherein said

time-display section is an analog-type time-display

section showing time information such as hours,

minutes, and seconds with hands.

7. The timepiece according to Claim 5, wherein said

time-display section is a digital-type time-display

section showing time information such as hours,

minutes, and seconds with numerals.

8. The timepiece according to Claim 5, wherein said

time-display section consists of an analog-type

time-display section showing time information such

as hours, minutes, and seconds with hands, and a

digital-type time-display section showing the time

information with numerals.

9. The timepiece according to Claim 3, wherein said

optical modulation section has a liquid crystal layer,

electrodes to apply voltage on the liquid crystal

layer, and any one of a second reflection-type polar-

izing film, an absorption-type polarizing film or a

color polarizing film.

10. The timepiece according to Claim 3, wherein said

optical modulation section is provided with any one

of an absorption-type polarizing film, a second

reflection-type polarizing film, a color polarizing

film, or a grid-type polarizing film in a rotatable man-

ner so as to make an angle between respective

12
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transmission axes thereof variable in relation to

said reflection-type polarizing film.

11. The timepiece according to Claim 3, wherein said

reflection-type polarizing film has an opening por- s

tion.

12. The timepiece according to Claim 3, wherein said

reflection-type polarizing film has a shielding por-

tion. 70

13. The timepiece according to Claim 3, further com-

prising;

a supplementary light source emitting light is

from a viewer side or from the opposite side

thereof in relation to said reflection-type polar-

izing film.

14. The timepiece according to Claim 5, further com- 20

prising;

a film which forms visible information on the

opposite side from a viewer in relation to a

reflection-type polarizing film and said optical 25

modulation section forming said shutter.

15. The timepiece according to Claim 3, further com-

prising;

30

a power-generating element.

16. The timepiece according to Claim 15, wherein at

least a portion of said power-generating element

serves as a sensor to detect the amount of power 35

generation and said optical modulation section has

a function to vary the ratio of light incident on a

transmission axis of said reflection-type polarizing

film to the light incident on a reflection axis orthog-

onal therewith based on a signal output by the sen- 40

sor.

17. The timepiece according to Claim 16, wherein said

power-generating element is a thermoelectric

power-generating element which generates power 45

by means of difference in temperature.

18. The timepiece according to Claim 16, wherein said

power-generating element is a mechanical power-

generating element to convert kinetic energy into so

electric energy.

19. The timepiece according to Claim 16, wherein said

power-generating element is a power-generating

element to convert optical energy into electric ss

energy.

20. The timepiece according to Claim 15,

24

wherein said timepiece has a sensor to detect a sig-

nal operated by a user; and

wherein said optical modulation section has a func-

tion to vary the ratio of light incident on a transmis-

sion axis of said reflection-type polarizing film to the

light incident on a reflection axis orthogonal there-

with in accordance with a detected signal from said

sensor.

21. The timepiece according to Claim 15,

wherein said timepiece has a sensor to detect

applied circumstances; and

wherein said optical modulation section has a func-

tion to vary the ratio of light incident on a transmis-

sion axis of said reflection-type polarizing film to the

light incident on a reflection axis orthogonal there-

with in accordance with a detected signal from said

sensor.

22. The timepiece according to Claim 15.

wherein said timepiece has a sensor to detect the

condition of the time displaying by said time-display

section; and

wherein said optical modulation section has a func-

tion to vary ratio of light incident on a transmission

axis of said reflection-type polarizing film to the light

incident on a reflection axis orthogonal therewith in

accordance with a detected signal from said sen-

sor.

23. The timepiece according to Claim 15.

wherein said timepiece has a sensor to detect a

radio wave signal having a specific frequency; and

wherein said optical modulation section has a func-

tion to vary the ratio of light incident on a transmis-

sion axis of said reflection-type polarizing film to the

light incident on a reflection axis orthogonal there-

with in accordance with a detected signal from said

sensor.

24. The timepiece according to Claim 5, wherein said

optical modulation section is provided with in order

from the side visible by a viewer, a first polarizing

film, a liquid crystal cell which fills a liquid crystal

layer between two sheets of transparent substrates

each having an electrode on the facing inner sur-

face thereof, and a second polarizing film; and

wherein at least any one of the first polarizing film or

the second polarizing film is a reflection-type polar-

izing film.

25. The timepiece according to Claim 24, further com-

prising:

an analog-type time-display section to display

time information with hands, at the back of a

shutter formed with said reflection-type polariz-

ing film and said optical modulation section,

EP0 927 917 A1
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and

wherein the optical characteristic of the liquid

crystal layer is changed by applying voltage

between electrodes of the liquid crystal cell

which forms said optical modulation section so

that areas of a visible portion and an invisible

portion of said time-displaying section are con-

trolled, and the section of the shutter corre-

sponding to the invisible portion of said time-

displaying section has a reflecting characteris-

tic.

26. The timepiece according to Claim 24, further com-

prising;

a digital-type time-display section displaying

time information with characters at the back of

a shutter formed with said reflection-type polar-

izing film and said optical modulation section,

and

wherein the optical characteristic of the liquid

crystal layer is changed by applying voltage

between electrodes of the liquid crystal cell, so

that areas of a visible portion and an invisible

portion of said time-displaying section are con-

trolled, and the section of the shutter corre-

sponding to the invisible portion of said time-

displaying section has a reflecting characteris-

tic.

27. The timepiece according to Claim 24, further com-

prising;

an analog-type time-display section to display

time information with hands, and a digital-type

time-display section to display time information

with characters, at the back of a shutter formed

with said reflection-type polarizing film and said

optical modulation section,

wherein the optical characteristic of the liquid

crystal layer is changed by applying voltage

between electrodes of the liquid crystal cell, so

that areas of a visible portion and an invisible

portion of both time-displaying sections are

controlled, and the section of the shutter corre-

sponding to the invisible portion of said time-

displaying section has a reflecting characteris-

tic.

28. The timepiece according to Claim 25, wherein

a shielding member to shield at least the

peripheral portion of the opening is provided

between said analog-type time-display section

and the shutter.

5

30. The timepiece according to Claim 3, wherein

a shielding member is provided at least on one

surface of the reflection-type polarizing film in

10 the outer periphery of said reflection-type

polarizing film.

20

25
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a shutter formed with said reflection-type polar-

izing film and said optical modulation section is

provided with an opening which the hands

shaft of said analog-type time-display section, 55

may pass through.

29. The timepiece according to Claim 28, wherein

14
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